The relative significance of spectral and temporal envelopes for the synthesis of orchestral wind-instrument tones was evaluated by exchange of spectral and temporal envelopes among the wind instruments, by creation of artificial spectral envelopes, and by perturbation of the spectral envelopes. It was found that, for the oboe, clarinet, bassoon, tuba, and trumpet, where the spectral envelope is unique as regards the frequency of its maximum and the range in which the instrument is normally played, this envelope predominates in aural significance over the temporal envelope. Where the spectral envelope is not unique--as for the flute, trombone, and French horn--the spectral envelope is equal or subordinate to the temporal one in aural significance. 
INTRODUCTION
HE effects of spectral envelopes and temporal envelopes on the identification of tones simulating various orchestral wind instruments is the subject of the present work. This paper may be regarded as a sequel to a former one, • and we assume that the reader is familiar with it.
The earlier paper described the method used here for synthesizing tones of nine wind instruments. The method of evaluating the quality of the synthetic tones and the results of this evaluation were presented.
In order to assess the significance of some of the features used in the characterization of the synthetic tones, we perturbed and permuted the spectral and temporal envelopes. The identification of instruments under these distortions was examined to determine whether the auditor identifies an instrument on the basis of its spectral or temporal envelope. The spectral envelopes of several instruments were also perturbed without alteration of the temporal T^BLv. I. Probability (in percent) of naming tone presented as tone of instrument listed, with various combinations of spectral and temporal envelopes. acteristic of the double reeds, and of the brasses in the higher parts of their ranges. In the second type of presentation, auditors, presented with pairs of synthetic tones, were asked to identify the instrument in each pair and to indicate whether the tones were the same or different. If the tones were judged to be different, the subject was required to indicate whether the first or second tone of the pair was the more natural (even though neither tone in any pair was natural, a point unknown to the subjects). The purpose of this experiment was to provide some indication of the direction in which more-naturalsounding tones may be created. The subjects and other details of the experimental procedure were described in the earlier paper?
II. RESULTS OF SINGLE-TONE PRESENTATIONS

A. Spectral and Temporal Envelopes Interchanged among Instruments
The first type of presentation was designed to determine the relative auditory significance of spectral versus temporal envelopes in controlling the timbre of various instruments. The results of this presentation Tables I and II. Table I We turn now to the spectral envelopes for the woodwind instruments. The probability of naming a double reed with its own spectral envelope seems to be unaltered by any foreign temporal envelope. Intrafamil¾ confusions of the oboe and English horn are not changed; intrafamily confusions of the bassoon are reduced a little by the use of a foreign envelope. In the case of the English horn, the probability of naming a ß With bassoon temporal envelopes, confusion was increased over the whole range of the tones generated.
Trombone
ß With flute temporal envelopes, for the lowest note generated, confusion with the tuba was increased; confusion with the English horn and flute, especially, was increased over the whole range of the instrument except the lowest note; confusion with the bassoon was greatly increased for the lowest note.
ß With bassoon temporal envelopes, confusion with the bassoon was about the same as with the trombone temporal envelopes; confusion with the English horn was increased somewhat at the extremes of the range; confusion with the French horn, clarinet, and flute was increased at the two highest notes; confusion with the tuba was markedly increased at the lowest note only. other notes, most decidedly greater above midrange; confusions with the trombone, French horn, and bassoon were eliminated for the lowest two notes; for the midrange notes, the confusion with the trumpet and trombone was reduced and that with the clarinet enhanced; for the highest notes, the confusion with the trombone, oboe, and trumpet was reduced, but the confusion with the flute and clarinet was increased.
ß With trombone temporal envelopes, confusion with the trombone was eliminated, and confusion with the clarinet increased for the two highest notes only. ß With bassoon temporal envelopes, the confusions were with the same instruments and were approximately as probable as they were with the tuba temporal envelopes. The identifications are shown in Table II . From this table we conclude the following'
(1) Absence of a second peak (at 3000 cps) considerably impairs the identification of the oboe and produces more identifications as English horn, whose spectral envelope is not greatly different from that of the oboe without a second peak. Detailed results by note frequency are presented in Table II and reveal some interesting facts'
(1) Except for the two extreme notes, the normal oboe was identified rather accurately. The lowest note was confused with that of an English horn and the highest note with that of a clarinet.
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Volume 41 (3) Absence of a second peak (at 3000 cps) with a normal temporal envelope increased very markedly the involved here, the difference in these envelopes is immaterial; for, of the eight tones synthesized, there was a preference displayed for only the two tones at 186 and 348 cps with the normal spectral envelopes. For those at 232, 291, and 441 cps, however, our subjects exhibited a preference for the permuted spectral envelope; for those in the other three cases no particular preference was shown. We note that the spectra are rather more poorly approximated by a spectral envelope for this instrument than is the case for the oboe and the brasses. The spectral envelope for the even partials is a poor approximation; however, since the even partials are weaker than the odd ones, this imperfection is probably of secondary importance.
identifications as an English horn below A4; above this frequency, trumpet identifications were increased somewhat.
(4) With an oboe spectral envelope and a trumpet temporal envelope, identifications as an English horn below A4 and as a trumpet above this note, particularly the highest two notes, were increased. At the two highest notes, the previous confusions with the flute were replaced by confusions with the clarinet. (1) Clarinet tone and clarinet tone with no even partials; results are shown in Table III . We conclude that even partials are necessary for producing natural sounding clarinet tones, since only two of the eight auditors account for 83% of the responses selecting the tones with no even partials as the natural ones.
(2) Clarinet tone, and clarinet tone with the spectral envelope for the low range (148-414 cps) and that for the upper range (440-834 cps) permuted. From the results presented in Table IV , it may be concluded that, to the degree of approximation of the spectral envelopes pair sounded somewhat distinct, except for the lowest and highest ones, and that there was some preference for the tones with all natural envelopes, except for that at 854 cps. All in all, it seems that the differences are of second-order importance.
C. Bassoon
The bassoon was studied by presenting pairs of tones, each pair consisting of a bassoon tone with a bassoon spectral envelope and a bassoon tone with a flute spectral envelope. The results displayed in Table VIII show that, for the low tones with a bassoon temporal envelope, the bassoon spectral envelope produces a morenatural-sounding bassoon tone than does a flute spectral envelope. For the highest tones, it appears that the flute spectral envelope together with the bassoon temporal envelope produces slightly more-naturalsounding bassoon tones. It would seem that, for the low-frequency tones, the presence of less energy in the high partials makes the tone sound more natural; while for the high-frequency tones, there is little effect on the naturalness of the tones due to differences in the energy of the high-frequency partials.
D. Oboe
Pairs of oboe tones were presented. One member of each pair was constructed to be normal; the other, by using the model spectral envelope shown in Fig. 3 . From the results presented in Table IX , we conclude that the normal oboe spectral envelope and the model spectral envelope are equivalent. Decided preference was shown for the model spectral envelope only at 232 cps and only at 747 cps for the natural envelope.
IV. SUMMARY OF RESULTS
Two tests of the quality of the synthetic tones are listed in Table X . Ideally, the probability of interfamily ß The spectral envelope of the oboe is much more important than the temporal envelope. The two strong peaks separated by a strong valley in the spectral envelope, coupled with the comparatively slow decline in spectral amplitude at high frequencies, gives the oboe a unique spectral envelope, enabling the identification of oboe tones almost independently of the temporal envelopes.
ß The spectral envelope of the clarinet is likewise much more important aurally than the temporal. The weak, even partials and the strong, odd partials are unique to the clarinet and de-emphasize the importance of the temporal envelopes.
The general principle seems to emerge that, in tones for which the spectral envelope is unique with regard to the frequency of its maximum and the range in which the instrument is normally played, this envelope is predominant in aural significance to the temporal envelope. For those cases in which the spectral envelope is not unique, this envelope is of equal or subordinate importance to the temporal envelope. Furthermore, from Table X , we conclude that interfamily confusions are lower in cases where the tone tends to be identified from the spectral rather than the temporal envelope. Thus, the clarinet, oboe, bassoon, and tuba tones have a probability of interfamily confusion of only 12%-15% whereas those of the flute, trumpet, trombone, and French horn have a probability of 23%-26%, perhaps because the temporal envelopes are not so accurately known as the spectral envelopes.
Our results indicate that we achieve considerable success from formant-plus-temporal control of the partials, and that one without the other produces a case-dependent impairment of the naturalness of the timbre produced. By inference, we conclude that maintenance of fixed amplitude relationships among harmonics would lead to results inferior to those presented here.
It is noted that our test tones exceeded 0.5 sec in duration. The relative importance of spectral and temporal envelopes might be quite different for shorter tones and for those produced by ensembles of instruments, which is the most common musical situation.
